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28
In recent years, focused electron beam induced deposition (FEBID) has emerged as a versatile, an electron microscope [1] [2] [3] [4] [5] . Mostly gaseous (W(CO) 6 , Fe(CO) 5 , and CH 3 C 5 H 5 Pt(CH 3 ) 3 ) [6] [7] [8] [9] 34 but also liquid organometallic precursors (chloroplatinic acid) [10] are being used to deposit metals 35 or metal composites on selected regions of the substrates. Deposits with a wide spectrum of prop-36 erties and composition can be consequently obtained due to the availability of suitable precursors 37 [1, 2] .
38
Co 2 (CO) 8 has been recently used as a precursor molecule in FEBID to obtain granular deposits 39 with differing compositions of cobalt [11] . Electronic and physical properties, such as grain size 40 and metal content of these deposits, depend strongly on the deposition and pre-treatment conditions 41 of the substrate. By regulating these conditions, deposits of desired size and different Co content
In the plasma activation experiments the silica sample surface (285 nm oxide layer) was exposed to 76 the plasma discharge for 75 min after the scanning electron microscope (SEM) chamber had been 77 evacuated to its base pressure of about 5 × 10 −6 mbar. After the plasma treatment the chamber was 78 again evacuated to base pressure and Co-precursor flux was admitted to the chamber by opening 79 the valve of a home-made gas injection system for 30 min causing a pressure increase to 3 × 10 −5 80 mbar which dropped within ten minutes to about 6 × 10 −6 mbar. The gas injection system employs 81 a stainless steel precursor capsule with a fine-dosage valve. The precursor temperature was set by 82 the ambient conditions to 27 • C. From the known precursor temperature and associated vapor pres-83 sure, as well as the geometry of our gas injection system we can roughly estimate the maximum 84 molecular flux at the substrate surface to be 1.4 × 10 17 cm −2 s −1 following Ref [34] .
85
In the second series of experiments the untreated silica surface was pre-growth irradiated with a fo- an overall dose of 0.78 µC/µm 2 . After this treatment the Co-precursor was admitted to the SEM 91 chamber and the current between the electrodes was measured at a fixed bias voltage of 10 mV as 92 a function of time (see Fig. 3 (b) ). By this method the formation of a conducting path between the 93 metallic electrode can be conveniently followed and gives a first indication of the spontaneous for-94 mation of a deposit. After about 20 min the injection was stopped, the SEM chamber was flushed 95 with dry nitrogen and evacuated again for image acquisition.
96
Computational Details
97
We performed spin polarized density functional theory (DFT) calculations within the generalized 98 gradient approximation in the parametrization of Perdew, Burke and Ernzerhof (PBE). [35, 36] Cor-99 rections for long range van der Waals interactions [37, 38] were included in all calculations. We 100 worked with a kinetic energy cut-off of 400 eV and relaxed all the ions with the conjugate gradient 101 scheme until the forces were less than 0.01 eV/Å. In order to reproduce the experimental settings, untreated SiO 2 surfaces were described in terms of fully hydroxylated substrates, while pre-treated partially hydroxylated) SiO 2 substrates consist of four layers of (3 × 3) supercells of β -cristobalite 105 primitive unit cells. We calculated total energy differences ∆E for substrates, precursor molecules 106 and the complex of substrate with adsorbed precursor molecules as reported previously [9, 33] [44] [45] [46] . In the geometry optimizations for the molecule and the substrate 109 models the Brillouin zone was sampled at the Γ point only. In addition, to analyse the molecular 110 orbitals, we employed Turbomole 6.0 [47, 48] to optimize the Co 2 (CO) 8 molecule with triple-zeta 111 valence plus polarization basis sets with the PBE functional using the resolution-of-the-identity
112
(RI) approximation. The Bader charge partition analysis was performed using the code of Henkel- 
Results and Discussion
115
Formation of Co from Co 2 (CO) 8 on pre-treated SiO 2 surfaces
116
In Fig. 1 (a) we present an optical micrograph of a spontaneous dissociation product obtained on In a follow-up experiment we analyzed the influence of a metallic surface, as provided by
131
Cr/Au(20 nm/80 nm) contact structures, on this spontaneous dissociation process (see Fig. 2 ). In- and 76%, respectively. In subsequent resistivity measurements we found a room temperature re- 
155
A larger degree of grain boundary scattering in the spontaneously formed deposit, as well as a 156 possibly higher carbon content may be the cause for this enhanced resistivity. We also performed 157 temperature-dependent resistivity measurements (Fig. 4 (a) ) as well as Hall effect measurements 158 (Fig. 4 (b) ) for the sample grown on the plasma-activated silica. The samples grown under pre- In general, the interaction of metal carbonyls with hydroxylated oxidic surfaces occurs through the 178 co-ordination of the basic oxygen of the metal carbonyls with the weakly acidic surface hydroxyls.
179
In this study, we consider fully (FOH) and partial hydroxylated (POH) SiO 2 surfaces that directly molecules during geometry optimization (see Fig. 7 (b) ). This dissociation has also been observed Fig. 5 (c) and Fig. 8 (a) ), but 230 is strongly altered on the POH -SiO 2 surfaces (compare Fig. 5 (c) and Fig. 8 (b) ). In view of the results presented in the previous section, we will discuss here the possible reasons 234 for dissociation and autocatalytic deposition of Co 2 (CO) 8 molecules on SiO 2 surfaces.
235
The bridging CO ligands of Co 2 (CO) 8 possess in the free molecule relatively higher electron den-236 sity compared to the terminal ligands (see Table 2 second column) and therefore are expected to be 237 the ligands that preferentially interact with the dehydroxylated Si sites on the POH -SiO 2 surface.
238
Our results illustrate that while the adsorption through the bridging ligands is essential, also the 239 terminal ligands are involved in bonding to both FOH -SiO 2 and POH -SiO 2 surfaces. on the individual Co atoms should weaken the bonding between the two Co atoms in the precursor.
255
These effects such as the strong bond (Si-CO) formation followed by the electronic redistribution Fig. 5 (a) and Fig 8 tive charge from +0.74 to +0.55 on Co. Also, we find minimal differences in structural parameters
264
(of the order of 0.01 Å).
265
The above observations illustrate the fact that the weak interaction between molecule and surface
266
will not cause dissociation of the precursor. However, we would like to note that we have observed In summary, our calculations confirm that Co 2 (CO) 8 decomposes upon its interaction with POH
275
-SiO 2 surfaces illustrating which might be the the first step occurring in this deposition process. question that will be addressed in our future studies.
288
CONCLUSIONS
289
We report here the deposition of Co from the precursor Co 2 (CO) 8 
